Introduction
Lateral scalp and auriculectomy defects can be a challenge for the reconstructive surgeon. They are often associated with lateral temporal bone and parotidectomy defects. These defects frequently arise in elderly patients with skin cancers and significant comorbid conditions in which limited operative time is preferred. Many of these defects are not amenable to local advancement flaps, and the surgeon must consider regional and distant options. An ideal reconstruction would provide a pliable versatile flap that could replace the skin with a good color match and be able to cover both thin and deep defects seen in lateral temporal bone resections. These options have included the temporalis muscle flap with skin grafts, lower island trapezius flaps, pectoralis major myocutaneous flaps, among others. [1] [2] [3] However, these options are not always ideal due to the long reach of these rotational flaps and frequent preoperative radiation. These factors make wound dehiscence and partial flap loss common. These limitations have led reconstructive surgeons to frequently use free tissue transfer for these defects, leading to increased surgical time and complexity. 4 The supraclavicular artery flap (SCAF) was first described as an axial patterned flap by Lamberty in 1979 . 5 This flap was subsequently popularized in head and neck reconstruction by others including Pallua and Magnus Noah and Chiu et al. 6, 7 The
This report describes three cases of lateral scalp and auriculectomy defects reconstructed with the SCAF. We describe each case and discuss complications.
Case Series Flap Elevation
All SCAFs were elevated in a similar fashion. The supraclavicular artery was identified with a handheld Doppler extending over the lateral clavicle approximately half the distance between the posterior border of the clavicular insertion of the sternocleidomastoid muscle and the anterior border of the trapezius muscle. The width of the SCAF was centered over the supraclavicular artery and designed over the deltoid as necessary to extend to the defect. The design can be seen in ►Fig. 1 of the associated case. It was raised from distal to proximal in a subfascial plane over the deltoid musculature. At the clavicle, the periosteum was elevated and incised so as not to disrupt the supraclavicular artery. The vascular pedicle was identified in the fatty tissue in the supraclavicular fossa. The surrounding tissue was freed, and the distal branches of the transverse cervical vascular pedicle were ligated as necessary to allow tension-free rotation of the flap to the surgical defect. The flap was deepithelialized as necessary for tunneling under skin bridges to reach the defect and inset. The donor site was closed by elevating surrounding tissue in a subcutaneous plane to allow advancement and closure.
Case One
A 78-year-old man with a history of chronic lymphocytic leukemia presented to the Head and Neck Oncology Clinic with a history of a multiply recurrent pleomorphic adenoma of the parotid treated with multiple surgeries and radiation therapy. On presentation to the head and neck clinic, the tumor was noted to have invaded the external auditory canal. Tumor resection required partial auriculectomy, radical parotidectomy, and lateral temporal bone resection leaving a defect measuring 6 Â 6 cm, and the final diagnosis proved to be a carcinoma expleomorphic adenoma. ►Fig. 1 shows the planned excision and SCAF design. Reconstruction included a medial antebrachial cutaneous nerve graft for the facial nerve and a pedicled SCAF for defect closure. ►Fig. 2 shows the defect with the flap elevated. Of note, a cervical rootlet was ligated because it was seen traversing from the midportion of the posterior border of the sternocleidomastoid to the flap. This flap was inset into the neck incision as shown in the immediate postoperative period in ►Fig. 3. Early in our use of the SCAF, limited deepithelialization was performed. The postoperative course was uncomplicated, and the patient was discharged on postoperative day 3 without complications. At the 2-week postoperative visit, the patient was doing well without complications and no decrease in strength or range of motion of the shoulder at the donor site. At the 3-month postoperative visit, the patient had no complaints, and no referred shoulder sensation was noted along the flap.
Case Two
An 84-year-old man presented to the Head and Neck Oncology Clinic with a recurrent squamous cell carcinoma of the right auricle with an associated ulcer (►Fig. 4). He had undergone multiple previous surgeries as well as radiation therapy prior to this recurrence. His associated comorbidities included noninsulin-dependent diabetes mellitus. After preoperative counseling, the patient was scheduled for an auriculectomy with lateral temporal bone resection as well as parotidectomy and neck dissection. Reconstructive options of a regional SCAF versus a free tissue transfer were discussed with the patient; however, it was decided that a regional reconstruction would be best in this patient because of his advanced age. Due to prior radiation and the expected size of the defect, a temporalis muscle flap was not believed to be a good option.
The patient underwent resection as planned producing a 6 Â 7 cm defect with a significant deep dimension related to the temporal bone resection. A SCAF was elevated as shown along with the defect in ►Fig. 5. The cervical rootlets were not isolated and ligated as they entered the flap over the clavicle. The proximal portion was deepithelialized and tunneled under the neck flap. To better reconstruct the depth of the wound, the distal portion of the flap was also deepithelialized and folded in to the temporal bone defect. The patient was discharged on postoperative day 3. The patient healed well without complication as shown at his 1-month postoperative visit (►Fig. 6). At 3 months postoperatively, the patient was doing well without decrease in strength or range of motion of the donor site shoulder. His only complaint was referred sensation to the shoulder from the flap.
Case Three
A 41-year-old man with a history of an enlarging mass on his scalp posterior to the right auricle presented to the Head and Neck Surgical Oncology Clinic. He was otherwise healthy. A biopsy of the lesion showed a leiomyosarcoma. He was scheduled for surgical resection and reconstruction. Regional flap reconstructive options and free tissue transfer options were discussed with the patient. The patient underwent a wide local excision, partial craniectomy, and selective neck dissection leaving a defect that measured 10 Â 12 cm. An ipsilateral SCAF was harvested for reconstruction and tunneled under the neck skin to close the defect (►Fig. 7). The cervical rootlet seen entering the flap territory was isolated and ligated at the posterior aspect of the sternocleidomastoid. A small portion of the flap was used to close the upper aspect of the donor site with the intervening flap tunneled under the inferior neck flap. The remaining donor site defect was closed via undermining and performing an adjacent tissue transfer. Postoperatively, the patient was admitted to the inpatient unit and discharged on postoperative day 4. At 2 weeks postoperatively, staples were removed from the arm and a dehiscence of 2 Â 3 cm occurred. Local wound care was provided and the donor site wound closed by secondary intention in 12 weeks without long-term sequela (►Fig. 8).
The scalp reconstruction remained durable during radiation (►Fig. 9). There was no evidence of referred sensation from the flap to the shoulder. The patient did have some decreased range of motion in the ipsilateral shoulder. This was believed to be a result of an 11th nerve paresis and recovered by the 12-week postoperative visit.
Discussion
The supraclavicular artery flap has made a resurgence in the reconstruction of the head and neck over the past decade. It consists of thin pliable tissue that is easily harvested in the supine position in < 1 hour. 7 The donor site morbidity is minimal and well tolerated by patients. This series demonstrates the expanding versatility of the SCAF, and it provides an excellent reconstructive option for auriculectomy and lateral scalp defects with or without temporal bone resection. Pointer et al reported a similar reconstruction with a good result in a single case. 9 The current studies shows continued excellent results in a series of three patients with a larger variety of wounds. Also, one patient in the current series required folding of the flap to fill in the temporal bone resection for appropriate depth. This technique adds versatility to this flap, allowing increased thickness to the flap for deeper defects. In the current series, all patients tolerated the procedure well. There were no recipient site complications, and all reconstructions were deemed acceptable by surgeon and patient. There was one minor donor site complication when a large defect was reconstructed with a 10-cm-wide flap. The donor site was closed with an adjacent tissue transfer under slight tension. The wound dehiscence occurred on postoperative day 12 after removal of staples and required several weeks of conservative therapy for closure. Donor site complications have been reported in up to18% of cases in small series including wound dehiscence. 10 Flap width of 9 to 10 cm is likely the limit of flap while allowing the donor site to be closed without skin grafts. Chiu et al suggested considering skin graft coverage for flaps > 8 cm. 7 Others have reported the use of skin grafts when the width is > 10 cm.
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One minor complaint regarding the SCAF is the referred sensation from the flap to the shoulder region. This was described in the past and related to the flap being transferred with sensory neural innervation intact. 7 Although this is normally a minor nuisance, some patients may be troubled by it. The pattern of neural innervation has been described from cadaveric studies with branches from the cervical rootlets (C3, C4) entering the flap separately from the vascular pedicle. 12 In the current series, this was noted as well.
Patients with division of these cervical branches experience no referred pain. This sensation may be advantageous in some applications of pharyngeal and oral cavity reconstruction, but it is more of an annoyance in skin reconstruction, and we recommend division of these branches for similar types of reconstruction.
With such limited complications and excellent outcomes in this small series, we have observed that the SCAF is an excellent choice for lateral scalp defects including lateral temporal bone defects. Outside of the SCAF, other options have significant drawbacks. Local flaps of temporalis muscle with skin grafts are appropriate for small defects but are poor options for large defects and frequently have complications in a radiated field. Furthermore, temporalis muscle flaps are associated with a significant rate of trismus and leave a significant donor site defect unless an implant is used.
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Limitations on reconstruction include inadequate bulk to reconstruct deep defects of temporal bone resections. More distant regional flaps have greater utility for previously radiated patients including trapezius and pectoralis flaps. All of these options are limited by their significant bulk and limited length with the potential for partial flap loss. Although the lower island trapezius flap is a better match with appropriate length in most cases, like the latissimus flap, it requires the patient to be in the lateral decubitus position. For these reasons, many reconstructive surgeons have turned to free tissue transfer from various sites including latissimus dorsi, radial forearm, rectus, and anterolateral thigh, among others. 4, 14 These have a variety of potential donor site complications but provide an excellent reconstruction for a variety of defects. However, they do increase the complexity of the surgery with microvascular anastomoses required and extensive monitoring and hospital stay. For older patients with comorbidities, limited surgical time is desired, making free tissue transfer less attractive. Hospital stay is also likely to be less in patients reconstructed with a regional flap. Hospital stay in most patients with free tissue transfers is at a minimum 5 days with 2 to 3 days in high-cost units for flap monitoring. In a study by Hanasono et al, the average hospital stay was 9.6 days with an average of 2.8 days in an intensive care unit. 14 This substantial cost of care would be much higher than the 3 to 4 days seen in the current study with no intensive care unit or intermediate care unit stays. Admittedly, there are patients with complicated wounds that will still require free tissue transfer including massive defects with significant depth. Also, defects extending significantly above the auricle and those with large dural defects should consider free tissue transfer. In case 3 of the current study, the defect extended over 4 cm above the auricle with good closure with the SCAF and no distal tip necrosis, demonstrating the excellent reach of the flap. Some limitations of the SCAF warrant mentioning. It should be approached with caution in patients with previous ipsilateral neck dissections in which the transverse cervical artery may have been compromised because the supraclavicular artery is a branch of the transverse cervical artery in most cases. This can be evaluated with computed tomography with angiography in cases concerned for loss of the pedicle such as previous neck dissection. 15 Also, flaps wider than $ 10 cm are unlikely to be closed without grafts.
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Flaps < 10 cm in width can be closed with significant undermining in two directions, but they frequently leave a widened scar. Otherwise, there is referred sensation to the shoulder, but anatomical studies suggest the neural innervations can easily be identified and ligated. 16 This was performed in two cases in the current series with excellent results. There may be cases in which sensation would be useful in the pharynx or oral cavity, but sensory retraining may be required.
Conclusion
The SCAF is a versatile flap for reconstruction of head and neck defects and an excellent option in lateral skull and/or auriculectomy defects. The cosmetic results are excellent, and patient morbidity is limited. It should especially be considered in patients with comorbidities that warrant limiting surgical time but likely gives equivalent results to free tissue transfer with improved color match.
